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This unit is the second of two units discussing basic hydraulics designed 
to cover information necessary to understand the Allison transmission. 
Coverage includes a review of hydraulic pumps and various types of 
valves, with emphasis on the directional flow valve. 



SECTION A - REVIEWE'IG FACTS ABOUT PUMPS 



In previous units we loEurned there are two classifications of pumps. One 
is the non-positive displacement type, the pther is the positive displace- 
ment type. Since only the positive displacement pump is used in automatic 
transmissions, only this type will be reviewed. 

A positive displacement pump produces a pulsating flow, but — since it 
provides a positive internal seal against slippage — its output is relatively 
imaffected by system pressure variations. 

if the outlet port of a positive displacement ^mp were blocked to prevent 
release of the developed flow, the pressure would immediately build to a 
dangerous point at which the pump housing might rupture, Various 
safety devices are installed to prevent this from happening in most cases, 
Safety devices (valves) will be covered later in the unit. 

The rotary gear pump, the spur type pump shown in Figure 1, is the type 
used in the Allison transmissions. This pump may have two or more 
rotating gears (for hvo different functions) within the pump housing, but 
the operating principle is the same for all. These pumps start displacing 
fluid as soon as the gears start rotating. Oil traiH^ed in between the gear 
teeth and the housing is c»ried from the suction side of the pump to the 
discharge side of the pump. Oil from the discharge side is prevented 
from returning to the intake side by the close meshing d the two gears, 
and by the small clearances present between the geurs and housing. 



















.Ei^. 



AM 2-4 



The piaJdmmn preseme th^t 
can be developed with a gear 
piunp depends upon the design 
and closeness of the fit between 
the gear s and the housing. 



outlet 



Qear pumps have a tendency to 
churn the oil. This action may 
raise the oil temperature and 
produce oil ^Toaming’^ within 
the transmission. More will be 
said about oil foaming, and how 
it is pireventedj, in later units* 




inlet 



Fig. 1 Rotary spur type pump 



OPERATION — In Figure the pump consists of a drive gear (1) and 
a driven gear (2) onciosed in a closely fitted housing. The gears rotate 
in opposite directions and mesh.at a point in the housing between the 
inlet and outlet ports* the teeth of the two gems separate, a partial 
vacuum is formed which draws Ugnid through the inlet port into chamber 
(A). liquid in chamber (A) is then trapped between the teeth of the two 
gears and the ho osii^ so that it is carried through two separate paths 

around to chamber (B). As the teeth again mesh they produce a force 

« * 

winch drives the liqnid throngh the ontlet port. The close mesh of the 
gear teeth serves tq provide a seal between the inlet and outlet sides and 
to minimize slippage. 



The operation, maintenance and overhaul of the Allison transmission 
pump will be covered in greater detail in units to follow. 
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SECTION B — USING VALVES FOR CONTROL 



NEED FOR VALVES -- It is virtually impossible to have a hydraulic 
system operate without valves to control it, and a transmission of the 
Allison type is no exception. 

Control equipment includes a variety of valves that regulate, direct, stop, 
and start the flow of oil, relieve and regulate pressure and provide proper 
transmission operation. The function of valves m a transmission can be 
broken down into four areas: 

1. To control the volume of flow 

2. To control the direction of flow 

3. To control the pressure at which the transmission operates 

4. To stop and start the flow of oil 

TYPES OF VALVES — All valves can be classed as simple, compound 
or directional valves, according to their method of operation. In the 
Allison transmission there are several types of valves which fall under 
these classifications. 




Fi^. 2 Simple check valve 





AM 2-4 



CHECK VALVE — A check valve (simple) permits flow of fluid in only 
one direction, and is opened and closed the flow of fluid in a system. 
The force of the liquid in motion opens the check valve, while it is closed 
by back flow, by the action of a spring, or by gravity. Figure 2 shows a 
simple check valve in the open and closed position. 

SIMPLE RELIEF AND SAFETY VALVES — It often is necessary to make 
sure that system pressure does not rise above a certain level. RELIEF 
valyes are used for this purpose. Figure 3 shows two relief valves in the 
open and closed positions. These can be used for relieving system 
pressure IF they are equipped with a spring adjusted to compress when 
the pressure reaches a definite level. Liquid is then bypassed out of the 
system or back into a reserve supply. 

This valve. Figure 4, is controlled 
by means of an adjustment screw 
against which the top of the spring is 
seated. An inward adjustment of 

7 

this screw increases the compression 
of the spring, allowing it to resist 
a higher pressure. Relief valves 
usually are installed near the source 
of pressure, to protect as large a 
part of the system as possible. 



RELIEF valves can be considered 
true safety valves only if they are 
large enough to handle the entire 
discharge of the mechanism in case 
of breakdown. SAFETY valves are 
designed to open only when the system 
is endangered, as for example if the 
operating mechanism stalls. They 




Fig. 3 Relief valves 
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ADJUSTMENT 
SCREW 



can take care of the entire load of the 
system. Relief valves are intended to 
relieve occasional excess pressures 
arising during the course of normal 
operations. 



PILOT TYPE RELIEF VALVE— 

Pilot pistons often are used to reduce 
the area exposed to pressure. The 
Settable relief pressure range for a 
particular valve usually is narrow, 
because of the limited range of spring force. Small pilot pistons adapt, 
a valve to higher pressures without goii^ beyond practical designs. 
Figure 5 shows a pilot type relief valve in open and closed positions. 




Fig. 4 Controllable relief 
valve 



OPERATION — The operation of this valve is such t^t flow at the primary 
port is blocked from the secondary port until the pressure present in the 
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Fig, 5 Pilot type relief valve 
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pilot passage, and effective beneath the pilot piston, overcomes the valve 
spring force of the valve setting. The spool is then raised, allowing the 
flow to pass through the secondary port freely to the tank until the pressure 
at the primary port ^ain drops below the valve setting. 

The relief valve automatically creates a passageway between the pressure 
line and the reservoir that is large enough to divert all of the excess fluid 
supplied by a pump back to the reservoir when the pressure exceeds a 
chosen value. 

Manufacturers usually are able to make pilot valves leakproof insofar as 
internal leakage is concerned, at about 85 to 90 percent of relief pressure. 
Naturally, this percentage is lowered as damage or scoring occurs pn the 
seating surface. To prevent this damage and the resultant leakage, we 
must make sure the oil and filters are kept clean. 

Some valves of this type have been known to last longer than the pump 
itself. But an inherent weakness is found in its faiiurp to close immediately. 
The main valve spring is the weak "link" in this valve. It sometimes takes 
tenths of a second, instead of the usual hundredths, for this valve to 
readjust to a sudden fluctuation in the pressure line, Availability of space 
in which to install the valve limits the size of the valve. This, in turn, 
limits the size and therefore the strength of the main spring that can be 
used. 

To function best, particularly in lifting circuits, the valve should be 
inserted between the pump and control valve, and not between the control 
valve and the cylinder. 

BALANCED PISTON TYPE RELIEF VALVE -r To better show the 
operation and construction of this valve, look at Figure 6. 
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Pig, 6 Balanced piston type relief valve 
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Valve Construction — The valve consists of a main valve and a pilot va 
These two valves are connected with each other, with the main pipe lin 
and with a drain line to the reservoir by a number of passages and 
chambers. 



The main valve ©rtends down through the- main line of flow of the high 
pressure liquid. Flow past this port of the valve is always possible, s 
it fills only a portion of the pipe. The lower end of the main valve 
terminates in a cone, the upper part of which locates itself in a conica 
shaped seat to prohibit flow to the reservoir when the main valve is 
closed. Above the Une of flow the main valve expands to form a pistoi 
Above this piston is a chamber, which is connected by a small passage 
to the main line and by a larger passage to the pilot valve. The areas 
on the upper and lower surfaces of the piston are approximately equal 
The main valve is equipped with a light sprii^. . , 

> 

With both valves closed, the entire assembly is divided into two press 
systems. Pressure on one side of the pilot valve is normally high, si 
it is determined pressure in the main line. Pressure on the other 
of the pilot valve is normally low, since it is determined by pressure 

reservoir line. 

Valve Operation — Refer to Figure 6 to follow the operation descripti 

(a) The main valve will remain closed so long as a 
greater force acts downward than acts upward# 

(b) Oil passes through passages 1 and 2 ^d fills 
chamber 3, which forces the main valve down. 

(c) The oil can be carried off through passages 4 
and 5 to the reservoir if the pressure becomes 
too great on the pressure control cone in the 
pilot valve. 
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(d) If the pressure becomes too ^eat in the main line, 
it will force the main valve piston up and the liquid 
will return to the reservoir. 

(e) When the pilot valve and the main valve have the 
proper pressure and they remain closed they are 
said to be in balance. 

These valves may be made to operate in the conventional manner by 
providing a plug at port (7). Or, by connecting a line to this port and 
leading it to an additional control valve, the relief valve may be controlled 
remotely. This additional valve may be a simple shut off valve which, 
when opened, will allow oil in chamber (2) to drain to tank, thus unbalancing 
pressures above and below the main piston, and causing the main piston 
to be forced off its seat. Or, it may be a remote control valve as shown 
^ figure 7, the operation of which is similar to that for the pilot valve 

arrangement contained in the cover of the relief valve. Regardless of 
what type pf external valve is used, the required opera:tion involves 
development of unbalanced chamber pressures, wliich will result in the 
ppening of the main piston and the release of excessive fluid through the 
return port.. 

In general, a compound type relief valve offers less pressure override 
than is present with simple type relief vdlves of similar capacity. This 
means that it can be operated in a narrower pressure setting range to 
give more accurate operation. 



9 ' '' ^ 
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Fig, 7 Remote control valve used to control operation of relief valv^ 



SECTION C — TROUBLESHOOTING PROCEOtJRES 

ON RELIEF VALVES 



If a relief valve fails to function properly, the failure m^y Ixe paused 
> by one or more of the foUowing concUtions: 



1, Dirt or air in the oil will cause a pressure fluctuation. 
Air in the oil may be due to a leak in the inlet line 
caused by improper piping, an insufficient amount of 
oil in the reservoir, or a foaming action of the oil. 
This latter will cause quite a pressure fluctuation. 
Lint, pipe compound, scale or other foreign matter 
in the oil can foul the relief valve and not allow the . 
piston to properly seat itself, thus causing leakage 
and fluctuation of pressure. While there is usually 
a strainer on the intake line to the pump for removing 
impurities, there may still be some within the piping 
or within the valve itself. 
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2. A noisy or chattering relief may be caused by too 
much oil passing through the valve at high velocity. 
A larger valve should be used. Other causes of 
noise may be high teniperature, scored valve piston 
or valve seat, excessive tank back pressure, high 
frequency shock loadings, control chamber orifice 
too large for viscosity of fluid, worn pump with 
erratic pulsating delivery, too high for relief valve 
to level out, or relief vg.lve setting too close to 
the setting of another valve in' the system. 



. f 



3. If pressure fails to register on the pressure gage 

after tension is placed on the valve spring, the valve 
spring may be broken or. the piston may be stuck due 
to spnace foreign substance lo%ii^ between the body 
arid iihe piston. ' it fs also possible thkt the valve 
arid- piston' iriay be worn to :such a point that the amount 
of leakage will make the valve inactive. 

If we disassemble the relief valve for any reason, we 
s.hprild exe^cisp caution^when reassembling to m^e 
safe tj^f ail Pi the parts ^are replaced correctly. A 
mistake which ^can be -inade. easily is tp ireplac^ the 
cover gasket sp that a po^* *t hole will be cut off, 
preventing the valve from functioning. ’ ^ ' 



relief valve to the reservoir, make certain that no ' 
' rbStrictiphssarie^jpreseriti^ Back pressure.can be . 
troublesome in any hydraulic system. 



- ' SECTION P w»USPG .I)IM!6TIPNAfe ;GON^TBQk 

• ■''' i". \ d ''o ; '"i'i.h ' ■•■■‘.yP f.'VOfV; ^ \ 



One of the most important types of valves in the Allison transmissipn 
ie the diyectiohak control valve v This yalve. allows the transmission 
to he shifted frbm^ohe range to ^ .. . 



t it 





pirectional valves are designed for the specific ^purpoee of directing the 
flow of Uqpids in hydraulic systems. It may be desired, for example, to 
perform a work operation by driving a piston back and forth in its cylinder. 
A dlreptiorial valve whose movable parts change position so as tp alternately 



introduce and drain off liquid from each end of the piston cylinder would 



make fhis possible. 
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Directional valves may operate hydraulically differences of force set 
up on opposite sides of their movable parts, or they may be positioned 
by hand, by mechanical means, or by electric power. Practically all of 
the Allison transmissions are manually operated. However, there has 
been some work done on shifting these transmissions electrically and 
pneumatically. More information on this subject will be covered in later 
units. 

*' j 

* I . 

Four- way valves are directional valves with four line, connections: one 
from the pressure source, a second from, or tp, th^. j^eservoir, and the 
other two connected to the work cylinder, This is the type of valve most 
commonly used. 

, c 
V ; 

Directional valves are of twp d^sigps spool and rot^y. The spool type 
is the one used in Allison transmission? and the one: that will be discussed 
in this unit. V \ ‘ 

In the spool, design^ a s|^cially shaped sUdir^ gittoh opens and closes 
passages through the valve as it is moved back and forth in its cylinder. 

TWO-WAY SPOOL VALVES t- A two-way sliding valve is shown in the 
open and closed positions in Figure 8. As the piston is moved back and 
forthj it either allows liquid io pass thrpngh the valve or;prevents flow. 
The piston cannot move back and forth by difference? in hydraulic 
pressure set up wthin its cylinder, since the forces there are in balance. 
As indicated by the arrows again^i the pistpn heads, the same- pr:e§sure 
acts on equal areas on fheir inside facps; and when the input passage is 
blocked the piston blockir^ it is apted on all around its circumference 

j 

by the same pressure. . • ^ ? % 
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A number of features common to most spool 
valves are shown m Figure 8» The drain, 
openings at either end of the cylinder are 
needed so that back pressure will not be 
built up in the cylinder to hinder movement 
of the piston. When spool valves become 
worn they may lose balance because of 
greater leakage on one side of a spool than 
the other. & that case the piston would 
tend to stick and wouldn’t mpve back and 
forth. Small grooves are theyefpre 
machined around the sliding surfaces of 
the spools, so that leaJdng liquid wiit 
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Fig, 9 Typical fout’-way spool valve InstalldtioPt 



The position of the piston in Figure 10 (A) correspdrids to the situation 
shown in Figure 9, With the piston of the valve to the' far right in its 
cylinder, liquid from the pump flows to the right end (R) of a work cylinder, 
while liquid from the left end (L) of the wprk cylinder i^ being returned 
to the reservoir. In Fifflire 10 (B), with the pistoii to the far left in its 
cylinder, relations are reversed, since liquid from the ^iimp flows to the 
left end of the work cylinder, while liquid from the right end is being 
returned to the reseryoir. In Figure 10 (C), ’^th the piston in the 
intermediate position, flow through tkie valve from the pump is Shut off 
and both ends of the work cylinder can drain to thd reservoir, unless 
other valves are called on to control flow from them. 
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■ Flg» 10 Four-way valve operation ' 

q? the <lirectional valve itsell can be posittoned in a tiu^lb^r ^ 
wavar manually- as for e?ainple by lever; mectenji^^ 

HCtipn pt CPJn brought into position at the proper moihenf ^ W : . 

opWatton: mechadcally by means di gears and s^ti^ ^ctt^^^ 
a:«uwbe? of ways; or hvdraulicaliy through the action of a 

The valve in Ffeure 9 is operated by inovii^ a lever; / ^ 

The V^yes i n Flipre 10 are designed to be operated .% a pilot v^ve| 
pUcl^^yOl^yrnately deliterp pressure to Ohe end and then tp the ottipr,-^^^ ;. 
of the fwvway valve, in emcfly the same manner as the : ' 

reversing valve m%ht be used to drive a work piston; see Figure IL . 

In Fteire iO (A), for example, the pilot valve would stop delivering prpssike 
to the left-hand end of the piston, and would begin deliverii^ pressure fb 
the right-hand end, thus reversing the position of the valve piston, v . ^ ^ 

4 - - \ ^ ^ i 
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ROTARY VALVE 




Fig, 11 Controlling a four-way valve by means 
of another type valve 



CLOSED AND OPEN CENTER SPOOL VALVES In closetf cehler valves 
the piston is solid, and all passages through the valve are blt)cl^ed when 

the piston is centered,in its cylinder; see Figure 12 , In opW center 

, ^ % 

valves, the spools on the piston are slotted or channeled so that all 
passages are open to each other when the piston is centered;* see Figure 13. 






TO RESERVOIR TO RESERVOIR TO RESERVOIR^ ,, 



Fig. 12 Closed center valve 
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TO HT^RVOIR ' TO BT5CRVP1R RESERVOIR 



r Mg. 13 Open ee«eet valve 

In some OROn cenii? p#»j|^es to tWwork cylinder are Mocked 

when the v»lw if centeht^f the pamp is carried in bored 

paesagfes throogh the pietoiuw^ e«t the other side of the valve to the 
reservoir? see Fi f[Bre 14» Ijn vRdves of this Whd liciuid must be carried to- 
both end# of the piston of the directional valve to keep it bailed, that is, 
to A and B in fieore U. instead of dhsohargi*^ into the reservoir when the 
valve I# centered? liqvdd may be directed to other valves so that a set of 

operatiof^J? performed in ewnence, 

<3pen center valves are weed when the work cylinder does not have to be 
heW in position by pressmrei and where the power is used to perform a 
fingle operation# They Ideo avoid shock to the system when theyalve 
spoOi iS 'eawed from one position to another ? since in .the interme^ate 
’ pofitfonidesSiiire is^emporariiy relieved by the p^sage of lisfeid fv®*® 
tim pump directly to the reservpir^^^^ ReversM action is' therefore smooth, 

CloSeificenter valves are- used when a single pump or accumulator 
periods more ti«m one operation,^^ and where there must ^ no pressure 
loss in shifting the direction of strtfce at the point of work. 
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' Fig. 14 Different type of open center; va^ye... L...;., . 



SECTION E 



FLOW CONTROL VALVES 







METERING VALVE — A partially cutaway rotating ^ore to 

irieter the flow of a liquid; see Figure 15> As the pp#it|(?ii 9 f.|h^,core is 
ch^ed, a greater or smaller quantity of liquid i^ tp,p^s through 

the valve. In this way, the speed with which an operatipg part inoves 
can be controlled; the action of a valve delayed, or^ pistQq^,.cushioned 
at the end of a work. In later units describing the Allison transmission, 

we will see where a valve similar to this ie used to preyept. jpr^ng of 

* 

the vehicle as the gears of the transmission are shifteds^ { - > 



- 18 * 





AM 2*4 




•CLOSED 



OPEN^ 

Fig, 15 Metering valve 



TIME DELAY VALVE — The action of a time delay valve is shown in 
Figure 16, Liquid moving from the pump through a control valve (not 
shown) at different times takes three paths: (1) around the time delay 
valve, paet check valve (A) and on to the point where work is to be done; 

(2) thrcHifgh the time delay valve; and (3) through check valve (B) to produce 
ai force on the bottom of a piston in the time delay valve, which is held in 
pldce by a epringt As an increase in hydraulic pressure compresses the 
eprihg of the piston, it rises to shut off flow through the time delay valve. 
Figure 16 shows the valve in this position. 
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Fl^. 16 Action of a time delay valve 
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When the position of the valve controlling flow from the pump is changed, 
liquid returns from the point of work, but is blocked from passage (1) 
around the time delay valve by the upper check valve, and from passage 
(2) through the time delay valve by the lower piston head of the valve. Bi 
a needle valve under the piston slowly drains liquid from chamber (C), 
so that the piston can slowly descend, allowii^ liquid to pass over it and 
on to the reservoir by the same path that liquid from the pump originally 
entered the valve. This is made possible by a different positioning of 
a control valve. 



BYPASS VALVE — In this type of valve flow runs in one passage until a 
certain pressure is reached. It is then also carried along a second pass 
to Mother work operation; see Figures 17 and 18 . Liquid flows around 
(P^) to one point of work, until a pressure is reached which r^ses (P 
gainst the resistance of its spring. Then liquid wiU al^o flow j^rough 
the second passage of the v^ve to do other work; . see Figure Valve 
(P^) is held open a smaller pressure than is needed to open it, becau? 
of the greater area against which this pressure, can then act. When the 
position of the control valve governing the bypass valve is changed, liqu. 
returns through the bypass valve from work area (A) past the base of (P 
and from work area (B) p^t # 2)5 Figure 18. 



■ ' . 

ADJUSTMENT SCREW 




TO WORK AREA B 



ADJUSTMENT SCREW-** 

X 1 






TO RESERVOIR 

rMM 




FROM WORK AREA B 



Figure 17 



Figure 18 






TMs unit tes ?iome of l?^to facts concoif'ning hy^aaUcs 

that wo noe<l to Imow to opdor tp pndci^ctanci thp AWfoon transmission. 
More ^\mt hydrapWPS wlU be cpvepofj in lately units? 




AM 2-4D and 
MM 2-18D 



DIDACTOR PLATES FOR AM 2 -4D AND MM 2-18D 
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Plate I Simple check valve with ASA symbol 




Graphic S3rmbol 




open 



Plate II Check valve operation 
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Plate III Pilot check valve with ASA symbol 




Plate IV Four-way valve 








Plate V Four position valve operation 
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AM 2-4D and 
MM 2-18D 




TYPE 



EXTKaiE "OUT' POSITION 



CEMTER POSITION 



EXTREME •'WPCSmOK 



SPRING 

OPFSET 



PJtESSUIE (P) CYU -A** 

TAXK(T) 



PRESSURE CP)— ^CYU *‘8" 
CYU*'A"— -TAJCKC7) 




TMCRE IS HO CEKTEt P09TICM M 
OrrSCT MODELS. 




A T i 

OPCN emu AMO aOUO Ct)CTIR TYPES 






A T B 
OPEN CENTER AM CLOSCO CElfTER TYPES 



SPRING 
CEKTEREO 
AND 
NO SPRING 



PRESSURE CP)—CYU ’’A" 
CYL.**B'^-^TAM)C(T} 



PRESSURE (P). CYL.*'A". 
AND CYU “B”— TANK CT) 





PRESSURE (p)— CYL. “A" 
CYL.**B''-^TAIIR(T) 






PRESSURE (P).CYL.**A", 
AHDCYL.**B" BLOCKED 



PRESSURE (P) CYU "B" 

CYL.“A''— T .'.K m 



A T B 
CLOSED CENTER TYPE 





A T 8 



OPEN CENTER. CLOSED CENTER 
AND -SI" CENTER TYPES 



PRESSURE (P)— -CYL. ‘‘A" 
CYL-**B"— ^TANK(T) 






PRESSURE (P) AND CYU "A"— TANK (T) 
CYU "B" BLOCKED 



ATS 
"Sr CENTER TYPE 




PRESSURE (P)— ^L. ''B" 
CYU ••A"—— TANK (T) 



PRESSURE (P)^— TANK (T) 
CYL. “A" AND CYU '‘8" BLOCKED 



PRESSURE (P)— ^YL "A" 
CYL.“B"— ^TANKCTI 




A T B 



TANDEM CENTER TYPE 




TANDEM CENTER TYPE 




Plate VI Hand operated valve table 
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i 
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TYPE 



SPRING 

OFFSET 



NO 

SPRING 



NO PRESSURE 
AT ”X" 




A B 

PRESSURE (P)— .-CYL. "A” 
CYU ”B”— TANK (T) 







PRESSURE 
AT "X” 




PRESSURE (P)— ^CYL. "B” 
CYL. TANK (T) 




A B 



PRESSURE (P)— CYL. "A” 
CYL. ”B”— ^-TANK (T) 



PRESSURE (P) — CYL. "B” 
CYL. "A”— ^TANK (T) 



Plate VII Pilot operated four way valves 




Plate VIII Pilot choke assembly with stroke adjusting 
device 
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Plate IX Time-delay valve, with JIC symbol 




Plate X A normally open deceleration valve, 
with integral check 
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A B 



Spool@ 



Plate XII Operation of a solenoid controlled, pilot 
operated four way valve 
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Plate XIV Simple hydraulic reversal system, showing use of rotary 
four way directional valve 
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UNDERSTANDING DIRECTIONAL CONTROL VALVES 


Press A —/ 


Human Engineering Institute 

Check to see that timer is OFF 


1 

L 


1-1 ^ 






2 





* AM 2-4D and 
C*i t LA ^ ilM 2-180 

FI LM na, sa/67 



TMq film lessra is designed to assist you to better under- 
stand the basic technology behind directional control valves. 
We -will look at the various types of valves, how they are 
constructed, their operation, purpose, and the role each 
valve plays in typical hydraulic circuits. Be sure you 
understand each frame before going to the next frame. 

Press A — .2s 



1-2 



Directional control valves are used to direct the flow of fluid 

‘ ■* ■ ■■ .. 1 ■■ ,1 ..■■wi ■i p i w 

generated by the pump to the various fluid-actuating units. 
These valves, in themselves, are not intended to meter the 
flow; they either block the How completely or cbapnel the flow 
to various lines where fluid power is needed to operate a fluid 
motor or to actuate a pilot-operated control valve. 

Press A 



1-3 



J 



CHECK VALVES — The simplest directional control 
valve is the check valve shown with its JIC symbol 
in Plate 1. 

This valve will permit free flow of liquid in one di- 
rection and will prevent fluid flow in the OK»slte 
direction. .It can be designed using various types of 
closing devices including a swinging disk, a spring- 
seating disk or ball, and a gravity or self -seating ball. 



Press A — ^ 



1-4 









^ 




^ ! 


Of the various types of check valves, the ones most common 






are the ball tvne fwith or without a spring), and the pop|)et 




Directional contrpl check valves are used in hydratUic circuits 


type. Plate n shows how fluid can be bypassed in one 




to the fluid flow. 


direction and restricted in the other direction. 






Check valves are usually held closed by a spring so that the 




A. restrict — 7 

B. meter ■ — ^ 


valve requires pressure to unseat the blocking component 
in the valve. Some valves require as little as 9 psi, 




C. circulate — ^ 


whereas others may require 65 psi. The ^8^ pressure 
valves usually are used to mainhdn pilot pressure for 






operation of piloted directional valves. 




1-6 


■ Press A 1-5 




_J 









No. If you said check valves are used to meter or circulate 
the flow, you are jlncorrect. We said a few moments ago that 
the check valve is used to restrict the flow of fluid ip one 
direction. 

Press A ~ 7 



1-7 



7 



Correct Of the three diagrams pictured below, which one 
contains a directional control check valve? 



A. -Cj 



B. -8 



c. 







--J! 
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No. Remember, are said tbe syn^l for a QontrcJ 

check valve is: ( Try this question agaiiv 

Press A 7 



1-9 






Q 

I 



<^orr^t Tbe symbol for a directional control check valve 
is; 



Another valve very similar to tbe simple check valve is the 
pilot-operated check valve shown in Plate ILL Ttie pilot- 
operated t^e will always permit free flow in one direction 
and will allow flow in the normally blocked or opposite 
direction if pilot pressure is applied at the pilot pressure 
port of the valve. Pilot check valves are often used for 
locking cylinders in position. 



Press A 



1-10 



I 



POSITION VALVRS — These valves are yseti \o direct 
fluid to one pr more different flow lines. They do thif by 
being shifted into two or more different positions. In 
each position of the valve, the Interconnection of the enter* 
nal ports produces various combinations of flofr direction» 
In referring to piston (spoql) valves, the number of mqin 
ports on the valve is designated by thp terms two way, 
three way, four w^y, etc. The number of positions 
defines the valves, as being two positifini three ppsitioni 
etc. 

1-11 

Press A -y f 



\12^ 



"I "ii 1(1' 
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// 



In general, two way valves are strictly shut off valves, ttoee 
way valves are usM for controlling a single-acting cylinder 
where only one motor port is required, and four Way valves 
ifO] ■ “* 



are used iov controlling double-acthig cylinder movement. 



Plate IV shows a four way valve being used to extend and 
retfacTa cylinder. As tbe piston of tbe four way valve is 
moved back aito forth, each end of the work cylinder is 
connected in turn with tbe pressure line from the pump. 



while the other end of the work cylinder is connected to the 
reservoir. This arrangement allows 



A. free flow of fluid throu^ valve - / ^ 

B. automatic control of the valve - 

C. no resistance from l^draulic pressure 1-12 



No. Free flow of oil throu^ the valve tqkes place when- 
ever the spool bands are not covering thp pprts, Try this 
question again. Press A — // 



1-13 
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Np, Position valves such as the one in Plate IV are either 



shifted manually or are controlled by using springs, cams> 
solenoids, oil gr air pilot fluid pressure servos, or by 
mechanical linkage. The flow of oil alone cannot control the 
valve. Try this question again. Press A 






l-l4 



I 



Correct. The fluid in the piston muut havp a way to eseapp 
back to the reservoir when the piston chuPlkcnp ft, Qtheii^so, 
pressure within the cylinder would render the systopj 
inoperative. 



Let's take a closer look at how a four position valvp operates 
in a circuit Look at Plate V. Notice in the Picture fee four 
valve ports are marked (P), (T), (A) and wherein (?) 
is connected to a source of flow, (T) to tank, and (A) and O) 
to the respective ports pf a worit cylinder, bydrsnUc mo^ir 
or some other valve in the circuit 

^ 1-15 

Press A — 
















5 



a 






osition shown in (A), Plate V, • 

, ^ , J, and port (B) to port (T). Ports 

I (B) are connected to ports of a cylinder, and flow 
of fluid ttoough ports (P) and (A) causes the piston to move to 
the ri^t 



In (B) of Plate V. port (P) is open to port (B), which causes 



the piston to ndove to the left When tbe piston i? moving to 
the right, return flow escapes throu^ ports 



and (2) . When the piston moves t<nEe"^^JT^ 

return flow escapes through ports (3) and (4) 



A. 


(1) (A) 


(2) (T) 


(3) (B) 


(4) (T)-/^ 


B. 


(1) (B) 


(2) (T) 


(3) (A) 


(4)(T)-/^ 


C. 


(1) (A) 


(2) (P) 


(3) (B) 


(4)(A)^/7 
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No. It is just the opposite: when fluid flow is golt^g 
(T) and (B), the piston is moving to the rirfitf see (^) jn 
Plate V. When (A) and {T) are open to each pBier, the piston 
is moving to the left 



Try this one again. Press A — 



ItI? 






your immer could notpoi^ly jtw because (T) i|i 
not open in eitoer instance. Loc^ at Plate V closely. If (T) 
were qlossd, hp fltod could be re^irnsd to sun^. As we 
lemied earlier, fluid has to return to sump for the unit to 
operate. this question again. Press A — 



1-18 






Correct. Notice in both (A) and (B) of Plate V tbat all ports 
are open except the bypass return line in (B). 



Now let’s talk some more about how valves are operated. 
MANUALLY OPERATED FOUR WAY VALVES are suited for 
applications in which it is desirable to control the direction pf 
flow manually such as in a fork-lift truck, or in an autopwtic 
transmission. 



Press A “ 



2-1 



Xc - 



■f,'!'" "f" 






Correct. . Hpwever, you have, missed one or more of the ; 
-questiqns in this sequ^ce of maiterial. Before going on, 
review this material. Read ead» frame carefully, and take 
your time in answering the questions. 



Press A 2, 
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The spool in a manually operated four way valve is shifted 
by operating a hand lever as shown in Plate VI. In sprine 
offset models, the spool is normally in the extreme 'out • 
position and is shifted to the extreme "in" position by moving 
the-lever toward.Uie valve. Spring action autoptattnally 
returns both spool and lever to normal "out" position when the 
lever is released. 



In two position, no-spring models (not shown in Plate VI) , 
spool is shifts to one of two positions, where it remains 
until-lt is manually shifted back to its original position. 



the 



Press A 



2-.2 






In three position, ho-spring iihitSi detents (devices which- 
lock or unlock a movement) retain the spool in any one of 
three selected positions after Ipver force is released. In; 
three position, spring centered naodels, the lever is used'to 
shift the spool to either extreme position away from center. 
Spring action automatically returns the spool to center posi- 
tion when the lever is released. 



% 






In spring offset valves, mentioned earlier, there is no center 
position. This is a statement 



'I 



A. true - 

B. false — 2 2- 









25L 



No. There is noj^a center position to these valves. 
Remember, we said the spring returns the lever and 
spool from the extreme ''in" position which was reached 
by using the lever. The correct answer is that the 
statement in the previous frame is true ; there is no 
center position on a spring offset valve. 



Press A ~ 22 
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Correct, There is no center position in the spring offset 

^valves. 



Manually operated valves equiRped with detents 



A. stabitizp the spool aftf r,lover actfon is released ~ 

p. insist movement Qf the lever and spool under high -;2 y 
pressure 

p. are spring loaded valves V 
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No. If you s;Ud detents atslBt movement of tbe lerer upekr 
higji pressure, or that detects mewt tl» valve imi ^ring 
loaded, you are ^correct The correct answer is that deteatf 
help stabilize the spool in one position after'lever actioa in 
relied. 

Press A — ^ ^ 
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Correct A detent is sometimes referred to as a catcb,^wl, 
60 ^, or a click. It stabilizes the spool alter lever actica is 
. -released, 

PILOT OPERATED FOUR WAY VALVES are used where it is 
desirable to remotely control the direction of the flow through 
the use of pilot pressure. 

These are two-position units in which the spool if -shifted by 
application of pilot pressure at one end or either end, see 
Plate vn. 

2-7 

Press A — ^ 



In spring offset models (see Plate vn) the ^>qo1 is held |n 
its normal offset position by spring thnist and shifted io 
its other position ^ ai^lication of pilot prsssdre to the fees’ 
end of the spool. \i%en pilot pressure is removed, spring 
thrust returns th? spool to its original offset position. 

In no-spring models, the spool is shifted by thp applipaUon 
of pilot pressure to either end of the spool. These valves 
are not detent held, so pilot pressure has' to be supplied 
to maintain desired spool position. 

2-8 

Press A — ^ 7 ' 



^7 















Of course, .it is possible that both could income %ioperative 

• through excessive dirt in the lipe or valye freoae^up* * 

However, disregarding those possibilities, if \hp ppring 
should become weak, or break, in the loxded valve 

it would become inoperative because the.pistqn (cnool) 
could move to only one position. 



Press A ~ 2-9 
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Correct. Of course both types could become inoperative 
because of valve "freeze-up”, or ewessive dirt in the 
linss. However, if the spring in the one type should be 
unable to. return the spool, it would be useless, whereas 
the "np-spring" would not have this problem. 

.PIL 4 OT CHOKES — A modification of the pilot operated 
unit is the pilot choke assembly shown in Plate vm. 

This valve also has a stroke adjusting device. 



Press A — 
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The pilot choke, Plate Vin cpnaists of; twp nppdlp vafvps 
(1) and (2), two check valvps (S) and (4), and pilot passages 
(X) and (Y). The assembly provides a means for inde- 
pendent regulation of the speed of the spool movemenf< 
in either direction. 

As the spool moves to the left, Plate vni (a), the pilot 
fluid from (Y) flows through check valve (3). Tbe dis- 
charge from the opposite end of the spool throfUsd past 
the needle valve (1) adjustment, udijch determines tbe *peed 
at which the spool shifts when moving in tMs dtreettpp. 



Press A — J?/ 
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J/ 






Oi the two valves discussed — the pilot operated spring offset 
valve, and the no-spring valve — which one do you think could 
become inoperative more easily? 

A. The no-spring valve 

B. The sprteg offset valve 



2-9 



As the spool moves to the right, ( Plate VM (b) ), the pilot 
fluid from (X) flows through check valve (4). Here again, 
needle valve ( 2 ) determines the speed at which the spool can 
move to the right, 

' In this valve, tbe stroke of the spool also can be adjusted so 
that total travel is only slightly in excess of that required 
to cause flow reversals. The "dead period" can be minimized 
in this nunner. The stroke adjusting devices are stop screws 
(5) and ( 6 ). 



Press A ~ ? ? 
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The purpose of the check valves (3) ud (4) in thn j^lot chok* 
valve pictured in Plate Vin is to 



f ' 






fl 



n 



f-t » 



O' 
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A. prevent an excessive amount of fluid from enterii^ 

■ the valve and possibly rupturing the valve ^ 



B. control the amount of fluid leaving tl^e valve f»u«ing - 

C. force the fluid leaving the bousing to ^ke another e^dt 












■w' 



No. The check valves do not control the amount of flpid 
leaving the valve housing. They stop it completely apd fprcp 
the fluid to find another exit, namely past (1) and (2), 



Press A —3S^ 
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No. Look at Plate VUI. Notice that each chec^ valve fs 
spring loaded. No pressure is required to close them; fluid 
pressure is required only to open them. 



Tiy this question again. Press A - J if 
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No. The size of 0ping nqd the amount of pressure in the 
ItneadetermiBe the amount of fluid flow. The check valve 
opens at a very low psi, allowing aU the fluid available to 
bypass it, 



Try ttfs question again. Press A - 



2-.15. 






CpjrrecL tfie check valves wp?e not present, the 
purpose that (X) and (?) serve now would be lost. The 
fluid, when leaving the vqlve, must find apother exit 
due to the check valve closing, 



The purpose of (1) and (2) in the valve in Plate ITO is to 



B. decrease or increasp the spool stroke distance - 7 

C. decrease or increase the spool stroke speed g-iy 



S3 



31 



No, You are confused with (5) and (3). The purpose 
qf (1) and (2) is to limit the spool travel speed by allowing . 
a little fluid fo escape, rather than all at oqce. In Plate vm, 
(5) and (6) control the stroke length of fhe spool. 



Press A — 
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Correct. The needle valves limit the amount of fluid leaving 
the valve housing, thus decreasing or limiting spool travel. 






A similar valve to the one in Plate VIII is shown in Plate DC, 
with its symbol. This is called a time-delay valve. Let's 
see how it works. 



This valve always allows free flow of fluid |n one direction 
through the valve. When flow is reversed, however, the vafve 
is blocked for a definite time interval, until the blocking fluid 
can escape to the reservoir and allow the spring to open the 
valve. 

3-1 

Press A - ^ *7 



There are several different dppigns qf deceleration valves. 
They are used to gradually accelerate or decelerate the 
piston rods of fluid cylinders at the end or beginning of 
the stroke. The tjq>e shown in Plate X. wfth Its symbol, is 
a spool type having a roller' follower actuated by a cam 



at the ends of the cylinder stroke, ’ When the cam engages 
the roller, the fluid flowing through the valye ip restricted, 
thus forcing the fluid to flow tero^ a sepajrate flow-control 
valve which decelerates the pIstonT Flow in the opposite 
direction is free to move thlPi^ the valve because of the 
presence of a check valve ip the main housing. 



Press A - 

XL- ■VO 



.1 



A. create enough pressure through resistance flow to ^34> 
close the check valve 
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You have missed one or more Questions in the 
last sequence. Before going to new material 
review the last few frames very carefully. Be 
sure you understand each frame of informatlmj 
before going on. Take your titpe in answering 
the questions. Press A ~ 



2-20 






Another type of valve, known as the shuttle v alve, 
permits a system to operate from either of two 
fluid power sources. This requirement may be 
necessary for safety reasons in case the main pump 
is unable to power emergency devices. 



Kite valve (see Plate XI) consists of a floating 
piston wUcb cftn bo Bbuttled to one side or the other 
depending on which side of the piston has the greater 
pressur^ Generally, a spring Is added on one side 
01 toe piston to favor one of the simply sources. 



Press A - 
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Siqipose you wanted to adjust the time del|iy in a by4rauiic 
circuit iising the valve pictured in Plate JX- To lepgthen; 
the time delay, you would (1) * , To fl|»orton 

the time delay, you would (2) 



A. 



[1) rotate the screw clockwise ^ 
.2) rotate the screw counterclockwise 






B. 



(1) rotate the screw counterclockwise .. 

(2) rotate the screw clockwise 



C. 



Neither A or B is correct to adjust the time delayt».^5^ 



3^ 






No. If you said to rotate the screw counterclockwise to 
lengthen the time, and clockwise to shorten ihe time, or 
that movement of the screw in either direction would riof 
adjust the time, you are incorrect 



Turning the screw clockwise would decrease the opening 
(orific^, which would in turn allow less fluid to esc^>e, 
thus increasing the time. 



As the screw is backed out (counterc lockwise) the orifice 
is increased in size, reducing the time. 



ProssA— 
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Correct. That was a "thought question” and you did well. 



ELECTRICAIiLY OPERATED HyDRAUWC CIRCUITS 



Electrical control circuits combine with hydrauUc systems 
through solenoid (a coil that moves ^ push rod back arid forth) 
operated valves. Control signals from timers, limit switches, 
pressure switches and other electrical control elements are 
switched through relays to activate valve solenoids/ These! 
in turn, sequence the hydraulic system. In operation, the 
sprol is shifty by energizing a solenoid locked at one or 
both ends of the spool. Should there be only one solenoid 
then there would have to be a at the other 

end of the spool. — 



A. 

B. 

C. 



detent “ 
spring - 

Neither A or B - 



3t6 
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Ifo. A detent would hold the spool in place. What 
is something to force the spool back to its position 
solenoid is retracted, hence a spring. 



is required 
after the 



Press A 
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Correct. Unless there is a solenoid at each end pf the spool 
to move it first one way then the other, the spool tnust be 
spring loaded at the end withoqt the solppoid. 



SOLENOID CONTROLLED, PILOT OPERATED VALVES 



Solenoids for valve operation usually provide less than 15 
pounds of force and are limited to about 35 to 40 pounds of 
force. Spool valves in sizes to 1/4 inch usually are actuated 
directly, but solenoids for direct operation of larger valyes 
would be bulky. 

3t8 

Press A " 
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For valves with spools over 1/4 inch, a directly actuated' 
solenoid valve is combined with a pilot operated valve. The , 
solenoid valve controls only pilot flow to the larger valve. 

These two valves mount together and the combination is called 
a solenoid controlled, pilot operated valve. A two position, 
solenoid controlled valve may be coiribined with a two position ' : 
pilot operated valve; or they both may be three position valves. 



Let's analyze how a solenoid controlled, pilot operated valve 
circuit works. Look at Plate xn. 



Press A - 
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Jn Plate XII; the small solenoid controlled va^e foUot 

^ pitot 

operated spo^ (piloted valve). The pilot valve ^8 a tvo 



vaive) cnre^ the Hold flow to ^tber end of the] 
operated sp 1 
land ^boL The piloted valve has a four land cpcql. 



In Plate xn fa), the pilot spool (1) is positioned to permit 
pilot flow to be directed from port (Pp) to (Ap) and then to 

the (y) end of spool (2), shifting spool (2) to the position* 
shown. 



Return flow from the (X) end of spool (2) passes throu|^ 
port (Bp) of the pilot valve and returns to the tank throu^ 

port (DR). With pilot spool (1) in this position, the main 
spool (2) is shifted to aUow flow from port (P) to port (B), 
and from port (A) to port (T). 



Press A 
3-10 









When the pUbted valve is mentioned in Plate xn we are 
referring to the valve with (1) lands in the 



spooL When referencing the i^t valve, we are referring 

to the valve with the (2) land spooL Only the 

(3) valve is solenoid operated. 



A. 


(1) three 


di) two 


(3) pilot - SO 


B. 


(1) four 


(2) two 


(3) pilot -Sf 


c. 


(1) two 


(2) four 


(3) piloted -^<0 
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No. You will recall we said the pilot valvp is solei^d 
controlled. The pilot valve,. through.its. action, then operates 
the piloted valve. We also said that the pilpt valve has a two 
land spool and the piloted valve has a four land spool. 



Press A ~ 5~l 
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Correct Now.- look at Plate Xfl (b). When the pUot spool (1) 
is shifted to this position, a reverse flow situation occurs. 
Pilot flow directed throui^ port (Pp) and (Bp) to the (X) end of 
s]^l'(2) Shifts-spool (2)-to the position shown. 



Return flow from (Y) end <rf spool (2) passes to tank-through 
pprts (Ap) and (Dr) in the pilot valve. 



WhHi the pilot spool (1) is in this position, the main spool (2) 
is shifted to allow flow from port (P) to port (A) and from port 
(B) to port (T). 
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In Plate XII, the reason for the two extra lapda in spool (2) 
is 



L .. . I ■ ;»i 



A. these lands are moved by the solenoid, which in turn mpves 
the large spool (2) 



B. to allow flow of fluid in one direction only — 



C. to serve as a component which allows fluid to flow in both 
directions ’~SS“ 



3-l«f 
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No. These two extra lands are mibved into position as a 
result of the solenoid- moving^spopl 0-)> not spool (2). 
However, as a result of these landS; the flirid that passes, 
through them actuates the main spool (2). There must 
be two, because they alternate in serving as drains, thus 
allowing fluid to flow in either direction at the proper time. 



Press A -JiS 
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No. This does act like a check valve, which allows 
fluid to flow in one direction only. These must serve 
as components capable of allowing fluid to flow in either 
direction at the proper time. 



Press A 
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Correct Two of the lands in spool (2) must serve as the 
controlling factors for the main spool and be capable of 
allo^i^ fluid to flow in either direction, for drain purposes.- 



Now let’s analyze the circuit in Plate XIIL When solenoid 
(A) is energized, toe pilot spool is positioned to allow fluid 
tmder pressure to 






A. 



flow throiigh the main spool valve immediately and fiU _/ 
the rod side of cylinder ^ 



B. 



flow through toe pilot spool and activate toe two way_ ja 
valve and main directional valve simultaneously 



C. 



escape from toe rod end of the cylinder and return to_ 
tank(T) 
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No. Fluid cannot flov through the main i^xsol valve until 
it is activated by the pilot valve* Look at Plate xni cloaely 
and try this question ag^n. Press A — 



3-18 



*T7 



llo. The piston is moving away from tiie rod end of the 
cyUnder, not tovard it Look at Plate XE closely and try 
tills question again- Press A — S~S“ 
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Correct. Once the main spool valve is opep, fluid flows 
through it to the rod side of the piston, forcing it to move 
to the right It^ possible in this circuit (Plate Mil) thpt 
the fluid draining from the head end of the cylln^r can 
drain in two different routes into the tanln This is a 
statement 



A. false ~ JT ^ 

B. true —60 



3t20 
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No. You are incorrect It Is true: there are two paths to 
tank in this circuit, one throu^ the two way valve and the 
other through the main directional valve. 



Press A — 60 
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Correct Two paths of drain to tank possible in this 
circuit in Plate xni. 



ROTARY DIRECTIONAL VALVES — In Plate XIV there is a 



rotary directional valve being controlled by the cylinder 
movement Let's analyze how this valve operates the spool 
of the four way directional control valve. When the four way 
control valve is in this position 



A. 



B. 



fluid under pressure is continuously being applied t^^^ 
spool 

there are two pressure inlets to the valve and one dr^n . 
outlet flowing from the valve 

an equal amount of fluid travels through both inlei UnM 
until the rotary valve changes position ^ A 



u 



No. There are two pressure inlets to the valve and two 
drains involved here. Look at Plate XIV closely; then try 
this question again. Vress h — 6 O 
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No. Fluid under pressure flows through the rotary valve tp 
the spool of the four way valve only until the spppl has 
bottomed to the other side, then it stops. However, fluid 
flows continuously through the valve until the piston reaches 
well past center and changes the rotary valve. Look at 
Plate XTV and try this question again. Press 









¥ 









Correct. Fluid under pressure has to be aiqilied continuously 
to the end of the spool to keep it in this position. 



t 1 



TROUBLESHOOTING DIRECTIONAL VALVES. There are 
both external and internal conditions which may affect the 
performance of directional valves in a hydraulic circuit. 
Let's see what some of these conditions are. 



Press A“ 
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Tlie corxact answer to tite lutqpeatlQoti: 
pretsu^ lias to ])e a^plM to ti^' S|P^ 

to m al B teJ n its pofittoa. 



You have misfed one Qr more ^ the qpe stioas i^ tide Uft 
seq^enoe o( i^aterifl. fie^ore solng on, ^ oyer tidf 
material again. Read each frame carefully and take 
time in answering tiie questions. Prff s A ^ ^8 
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•» Moderate heat ffU cdten cause excessive leakage 
pact the piston stem seal or cover gafket. Extreme heat vdll 
cause the packing seals to deteriorate. When valyes are 
used around furnaces, pr if the oil circulating temperature 
ip 150 F or more, it is necessary to use a id^ temperature 
Qfpe packing that is made tor temperatures <g> to 500 F. 



Press A - 
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DIRT — A dirty hydraulic fystem can cause damage i>ot onty 
to the valves hut to other components in the system fpi well. 
This dirt condition can be harmful whether it is external or 
internal. 



Externally, certain abrasives and other hard foreign matter 
can score the valve stem so that it will cut the packing and 
cause a leak. Internally , dirt can score the valve body qr 
piston and can cause inteimal leakage, or p»y cause th« 
piston to stick. 

4r3 

Press A " ^ 7 
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No* The anfiw^r to the Iwt question is that through 
excessive |i^t dirti valves can h® affected both 
internally and externally* Both of the^e ^jpnditions 
can cause valve ieak^e. Press A “ e 7 
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No. Excessive vibratipn and too much pressure in the system 
could very y^ell cause early deteriordUcn of the valve sepls, 
but the item most aKprc^riate to what we have discussed so 
far is; using the wrong type packing; If the wrpng type packing 
is used in a system wWch carries over ISQ F oil, the paciting 
will deteriorate rapidly. 



Press A 
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Valves can be affected both ^ . ,(1j. 



and 



(2) 



by sbnnrmal heat and dirt copdltiPUS which can cause 
valve (3) 



A. (1) Pftysically 

D. (1) internally 



(^) putfardly 
pi) externally 



(3) r»q>tore ~ 
(3) leakage 
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Correct. 



One of the cqnditicns tiiat can cause early deterioration 
of valve seals is 



A. excessive vibration — 7^ 

B. top much pressure in the tine — 7 C7 
C- using oil over 500 F 7/ 

using the wrong type packing - 77, 



I 



D, 
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No, Using oil over 500 F wpuld deteriorate more 
comppnents than just the packing. The point here is that 
special packing must be inserted in the valves if oil is 
to be used in the system. 



Press A ~ 77. 
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Correct Valve packing which should be used fii ten^r^ 
atures under 150 F,'but is used in circulating dil having,a 
temperature of 250 F, can deteriorate very rapidly. 



BACK PRESSURE - - Back pressure due to a restrictive 
exhaust often will cause the spool seals to freese against 
the spool and make the valve inoperative. This is 
especially true witii solenoid operated valves. 



Press A ~ PS 
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INTERNAL LEAKAGE. If a valve fails to allow the full 
fluid volume to go to the next component, check the valve 
for internal leaks. Some of the pressure may be passing 
from the inlet port to the tank port A "wire drawing" 
action may have taken place on the piston or'the valve 
body may be scored. 



A valve body usually wears much faster than the piston, - 
because of the softer material of the valve body. In 
replacing the piston, enough grinding stock should be 
available on the new piston so that the piston can be 
ground and then lapp^ into the body. A piston of stan- 
dard size seldom fits into an old valve bocfy with the 
proper clearance. 



Press A 



4i-n 
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No. It was mentioned earlier that back pressure usually is 
caused by a restrictive exhaust. A spool stuck in a valve 
may be the result of a high back pressure. Press A — 7^* 
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No. A manually operated valve usually can be forced into 
position by the manual force supplied by the operator. 
correct answer is that a solenoid operated valve is most 
likely affected by back pressure in a circuit* 



Press A 
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With a manually operated valve, the operator usually has 
enou^ strength to push the piston from one extreme to the 
other, but with a solenoid there is only a limited amount of 
force available and a small amount of back pressure can 
quickly freeze the piston. This is especially true of spring- 
offset type solenoid valves. The solenoid usually is just 
strong enou^ to overcome the normal spring pressure. 



Press A - 






4-10 






Back pressure in a hydraulic system can be caus^ by 



A. 

B. 

C. 



a spool stuck in a valve — 
high operating temperatxu-e —7^ 
Neither A or B above — 
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Correct. A high back pressure in a system is a result of a 
restricted exhaust. 



The type of valve that is affected most by a high back pres- 
sure in a system is a ' 



A. manually operated valve — 

B- spring loaded valve — 7 ^ 
C. solenoid operated valve — ^‘O 



i 



4-l4 












You are partially correct. The sprite offset solenoid 
operated valve is highly affected by back pressure in a 
hydraulic circuit 



Press A ~ 
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Correct. 




' zu' - Abn^ iqjfiML 

*^U oot a^w the pi^tot) 



ittoQ adien relSied, 



If a valve fail# to allow tbo full fluid volume to to the 
next conqwnent, the valve may be leaking Internally, ft 

t0 vTAwn 4V^4 ^ » 



Is very probable that some of the pressure is passing frpm 
the inlet port to the tnnk port, ft mis is happing, ' 



A* the valve spool probably is worn — b 

B. the valve body is worn — o - 

C. Neither A or Bis the eause -<5/ 






r. 



Correct. The spool in a valve is of a bigiter gr^ fnatsrial 
than the body. If either of the v^ve parts wear, it usually 
will be the valve body. 



Now let's have a few review questions about directional 
valves, covering important points you should now know. 



Directional valves are used in hydraulic circuits to 
A, meter the fluid flow •' 



B. direct the flow <rf fluid generated by the pump •* 

C, Neither A or B is correct ~.r > 
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Correct 



A directional control check valve is used in hydraulic 
circuits for the purpose of the fluid flow, 



A. metering - 

B. circulating 

C Neither A or B is correct - > {■ 
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Correct Check valves are used in a hydraulic circuit to 
restrict fluid flow to one directioh. 



A detent valve is one which 



•1 *y 

A- has one or more lands in the spool '• ^ 

B. is spring loaded at one end * V 

C. is a solenoid operated valve — 

D. Neither A> B, nor C is correct - T'‘ 
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No. A valve body usually wears much ^mtcr flan the piston 
(spool) because of the softer material of the valve body. 



Press A - 
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No. Directional valves do not m eter the flow of fluid. You 
are confusing directional ce^rol valves wifl» yolume control 
valves, which will be covered in later units. Press A - 5/y 
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No. If you said chpck v^Uvei? are used for metering or 
circulating the fluid flow, you are incorrect. Check valves 
are used to restrict the flow of fluid to one direction in 
the circuit 



Press A 



o 6 



4-H2 
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Press A o' 
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a 



a 



a 

'4 



J 



No. A detent valve does not refer to the number of lands 
in the spool, nor the fact that it’s spring loaded, nor whether 
it’s solenoid opemted or not. A 4ctent valve is one which 
holds the spool in a certain position by using spring actuated 
steel balls to resist its movement. 
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Correct Npne of time angers to a de^t TjUve. 

A dfilant ilnipiy refers to $, mecbaaldin wttWo tte val?e 

that resists wovemcot of tl^e sppot ^ to f 

a certain posittoo, ! 



CoQgratulatiQns, tois completes toe lesson pn toreotitmM 
control valveSt 



Press REWIND. 



Xc. 
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Correct A detent valve is one toat vdll bold the spool in 
certain desired positions. 
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You' have missed.one^r ax>re of toe qtiesti'cfiis in. the last ~ 
p'^neppe bf m^rlal, Befop joshing vrtto tois lesson, . 
review toe last few frames. Read, frame carefully 
and toite your time to answering the questions. Press A 
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INSTRUCTOR'S GUIDE 



Title of Unit: AUTOMATIC TRANSMISSION - HYDRAULICS 

(PART n) 



AM 2-4 
3/30/67 



OBJECTIVES : 

1. To present Part n of a series of two hydraulic units designed to 
acquaint the students with transmission operation. 

2. To explain the different types of valves utilized in the Allison 
Transmission. 



LEARNING AIDS suggested: 



VU CELLS: 



AM 2-4 (1) 
AM 2-4 (2) 
AM 2-4 (3) 
AM 2-4 (4) 
AM 2-4 (5) 
AM 2-4 (6) 
AM 2-4 (7) 
AM 2-4 (3) 



(Pilot type relief valve) 

(Balanced piston type relief valve) 
(Two-way spool valve) 

(Typical four- way spool valve installation) 

I Four- way valve operation) 

Closed center valve) 

Open center valve) 

Action of a time delay valve) 



MODELS: Any parts of valves or the valves themselves that 

can be brought into class for demonstration 
purposes would be helpful. 



QUESTIONS FOR DISCUSSION AND GROUP PARTICIPATION : 

1. What is the difference between positive and non-positive 
displacement pumps ? 

2. Which of the two types mentioned in (1) above are used in the 

Allison Transmission? ' 

3. Is it true that oil moves through the gears in a spur gear pump? 

4. Are both gears in a spur gear pump driven? 

5. What opens and closes a check valve in a hydraulic system? 

6. When is a relief valve a safety valve? 

7. What is the purpose of a relief valve in a hydraulic system? 
What activates this type of valve? 
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8. Is it correct to insert a relief valve between the control valve 
and the cylinder in a hydraulic circuit? 

9. What are the various n^ethods of controlling spool valves? 
Explain, 

10. What is meant by open and closed center spool valves? 

11. When are open center valves used in a hydraulic system? 

12. What would a flow control valve be used for in a hydraulic 
system? 

13. Why would some type of time delay valve be required in the 
Allison Transmission? 

14. Can fluid flow in only one direction through a by ’f* pass valve? 
Explain. 





